Introduction
============

Since the first media reports on 11 September 2008 linking an outbreak of renal diseases among children on the mainland of China to consumption of milk products contaminated with melamine, an estimated 50 000 or more children have been affected.[@ref1] [@ref2] More than 100 became seriously ill and at least four deaths have been attributed to melamine.[@ref3]

Melamine is a triazine compound and is an essential component of materials such as flame retardants, glues, and plastics.[@ref4] [@ref5] In the mainland, addition of this compound to milk intended for human consumption allowed diluted milk to appear to contain satisfactory amounts of protein and to pass food quality tests. Little is known about the adverse effects of melamine consumption in humans. The main adverse effects shown in studies on animals were kidney related, including renal calculi, renal tubular necrosis, melamine crystalluria, and haematuria.[@ref4] [@ref6] On the mainland where young children were exposed to high doses of melamine, adverse renal effects, including renal stones and acute renal failure, have been reported.[@ref4] [@ref7] Although milk products tainted with melamine were found to be commercially available outside the mainland---for example, the Hong Kong Special Administrative Region, these exported products had much lower concentrations of melamine. Melamine contaminated milk products available on the mainland could contain as much as 2563 mg/kg of melamine, whereas the most severely contaminated milk product manufactured on the mainland but commercially available in Hong Kong contained 68 mg/kg.[@ref8]

In view of the wide range of food products found to be contaminated with melamine and the proximity of Hong Kong to the mainland, parents throughout the territory were anxious about the possible adverse health effects on their children of consuming tainted milk products. In the absence of good evidence to determine the risk of melamine related complications in children in Hong Kong, the government initiated a territory-wide screening programme for renal complications in children aged 12 years or less who had consumed the contaminated milk products. In view of the lack of published data on the consequences of exposure to low dose melamine---that is, doses below the tolerable daily intake recommended by the US Food and Drug Administration of 0.63 mg/kg/day,[@ref4] we report the short term findings from our cohort.

Methods
=======

General outpatient clinics at primary care level throughout Hong Kong were designated as first level screening centres. Hong Kong residents could walk in for assessment without appointment. Children who were aged 12 years or less and had consumed melamine tainted milk products daily for one month or more were referred to special assessment centres for renal assessments. We defined melamine tainted milk products as those known to be contaminated with melamine according to test results posted by the Hong Kong government.[@ref8] We recorded the brands of contaminated products, the daily intake, and the duration of continuous consumption. In view of the large degree of uncertainty and rapidly expanding list of confirmed tainted products during the early weeks of screening, the Hong Kong government refrained from setting minimum consumption volumes or estimated daily intake thresholds for melamine below which the child would not be referred for renal assessment.

All children at our special assessment centre underwent renal ultrasonography and urinalysis. Ultrasound examinations were done by experienced sonographers and radiologists. Positive findings were cross checked by the chief consultant radiologist before being reported. Although the sonographers and radiologists were not purposely blinded to history of exposure, this information was not available to those who carried out the renal ultrasonography. Furthermore, with the large numbers of children for each scanning session, the sonographers or radiologists lacked the time to find out about consumption or to estimate the level of exposure to melamine. In practice therefore ultrasonography was essentially done blinded to exposure history.

Urine was analysed using Combur-Test strips (Roche Diagnostics, Mannheim Germany). In view of the large number of children screened daily, those with urine positive for blood on reagent strip testing were referred back to the local primary care clinics for further investigation and follow-up if no abnormalities were found on ultrasonography or for renal function. Consequently, with smaller numbers of children seen, urine microscopy was done on all those with urine positive for blood on reagent strips to further assess the haematuria. In addition, blood samples were taken for assessment of urea and creatinine levels in all but one of the children who had abnormalities on ultrasonography or urinalysis.

Results
=======

Between 25 September and 30 October 2008 the special assessment centre at the Prince of Wales Hospital assessed 3170 children (1422 girls and 1748 boys), mean age 6.4 (range 0.1 to 12.9) years, who had consumed milk products tainted with melamine. Milk intake had been on a regular basis for at least one month, from twice a week to daily. The amount of milk consumed was variable, with self reported daily volumes ranging from 250 ml to more than 1.5 litres. All reported regularly consuming at least one of the milk products that had been found to contain melamine.[@ref8] The estimated melamine intake of the eight children with renal stones or deposits was between 0.01 mg/kg/day and 0.21 mg/kg/day, which did not exceed the tolerable daily intake of 0.63 mg/kg/day.[@ref4]

A renal calculus (7 mm) without associated obstructive hydronephrosis was found in one child (0.03%). Seven children (0.2%) had small hyperechoic renal foci (\<4 mm) at or close to the renal papillae. They all had a history of good health and only one child with small hyperechoic renal foci had urinary symptoms (dysuria and urinary frequency). The urinary calcium to creatinine ratio was normal in all children with renal stones or deposits. Incidental findings were identified in 17 children (0.5%), which were considered unrelated to melamine intake (table[](#tbl1){ref-type="table"}).

###### 

Results of renal ultrasonography and urinalysis in 3170 Chinese children who consumed melamine tainted milk products between 25 September and 30 October 2008

  Abnormality                          No with abnormality   Prevalence (%)
  ------------------------------------ --------------------- ----------------
  Renal calculus                       1                     0.03
  Renal deposit                        7                     0.22
  Other renal abnormalities\*          17                    0.54
  Haematuria                           208                   6.56
  Proteinuria                          59                    1.86
  Leucocytes                           108                   3.40
  Other abnormalities on urinalysis†   5                     0.16

\*Pelviectasia (n=4), tiny milk of calcium cysts (n=3), renal agenesis (n=2), polycystic renal disease (n=2), horseshoe kidney (n=1), transient dilation of ureter (n=1), ureterocele (n=1), small scarred kidney (n=1), ovarian dermoid (n=1), and ovarian cystadenoma (n=1).

†Other abnormalities on urinalysis: ketones (n=1), bilirubin (n=1), nitrites (n=1), and glucose (n=4).

On reagent strip urinalysis, 115 girls (8.0%) and 93 boys (5.3%) were positive for blood, 34 girls (2.4%) and 25 boys (1.4%) were positive for protein, and 106 girls (7.6%) and two boys (0.1%) were positive for leucocytes. Of the 54 children with positive results for blood between 15 and 29 October, red blood cells in the urine could be confirmed by microscopy in only four. This would reduce the overall estimated prevalence of haematuria to less than 1%. One 3 year old boy and one 5 year old girl had low calculated creatinine clearance (54 ml/min/1.73 m^2^ and 59 ml/min/1.73 m^2^, respectively)[@ref9]; however, no other abnormalities were found on further assessment. Only one of the eight children with suspected renal stones or deposits showed any abnormalities on urinalysis (blood ++++ by reagent strip), and all had normal plasma creatinine concentrations.

Discussion
==========

In the absence of any relevant data on acute outcomes in children exposed to low dose melamine during the months before September 2008 in China, the government of the Hong Kong Special Administrative Region reacted promptly by screening large numbers of children for renal complications. Unlike children living on the mainland of China, who were exposed to much higher doses of melamine than children in Hong Kong, no serious adverse renal outcomes were detected in our screening programme. We speculate that the disparity in outcomes between children who were assessed in Hong Kong and those living on the mainland was the large difference in concentrations of melamine in the milk products consumed.

Comparison with other studies
-----------------------------

The pattern of complications detected in the territory-wide screening in the Hong Kong Special Administrative Region was similar to that of our cohort. Of 17 667 children screened at all special assessment centres up to 5 November 2008, only 10 (0.06%) had renal stones (≥4 mm) detected. Echogenic foci closely related to the renal papillae are unusual findings on ultrasonography in asymptomatic children. In a report on 196 cases of microlithiasis in children, all but 13 presented with abdominal or genitourinary symptoms.[@ref10] A large proportion also had urinary abnormalities, including haematuria (61%) and hypercalcuria (38%). In our children with renal deposits, only one had haematuria, but all had a normal urinary calcium:creatinine ratio. These hyperechoic lesions were noted to have less acoustic shadowing than usual renal stones. The features of these suspected melamine related renal deposits on ultrasonography resemble gallbladder sludge rather than calcified stones.[@ref11] Even including these seven children with possible renal deposits, only a small percentage (0.2%) of children exposed to relatively low dose melamine were affected. None of our children developed acute renal failure or urinary tract obstruction, or required treatment. However, the high prevalence of abnormalities in urine is unusual. It is possible that a large proportion was false positive, as suggested by the small number of children with red blood cells in urine confirmed by microscopy. As reagent strips can be more sensitive than microscopy,[@ref12] however, some of these children may genuinely have had mild haematuria. Results from a screening programme in Japan showed that in 6197 school aged children, dipstick alone detected occult blood in 4.1% and protein in 2.1%.[@ref13] The proportion of children with haematuria detected by reagent strip testing was slightly higher in our cohort (6.6%). Using a multilevel screening algorithm in a larger cohort (23 121 Japanese children), haematuria was detected in 0.7% and proteinuria in less than 0.01%.[@ref14] The proportion of children with haematuria confirmed by microscopy in Hong Kong is similar to that in Japan.

Strengths and limitations of study
----------------------------------

The catchment area of our centre includes the northern areas of Hong Kong closest to the border with the mainland. Our cohort therefore includes a large mobile population that travels often and regularly between the Hong Kong Special Administrative Region and the mainland. A large population of the children are born in Hong Kong but live across the border. Children seen at our centre would therefore be expected to be at highest risk of exposure to melamine tainted milk products within Hong Kong, but probably of lower risk compared with infants and children living on the mainland. To date our centre has screened the largest number of children in Hong Kong.

A limitation of our analyses is the absence of a reliable biomarker of melamine exposure. In view of the short plasma half life of melamine (three hours), blood concentrations are unreliable.[@ref4] The concentration of melamine in urine is also an unhelpful marker as levels decrease rapidly after exposure stops. As all our children had stopped consuming the contaminated milk products for some time before assessment, the concentrations of melamine in both blood and urine are unhelpful. In view of the large number of children seen at our centre, a detailed history of consumption of melamine tainted milk products was not systematically recorded and was only rechecked if abnormalities found on ultrasonography were confirmed. Furthermore, as different batches of the same brand of milk product could be contaminated to varying degrees[@ref8] it was not possible to accurately calculate exposure to melamine. There was also no easy way to avoid overestimation of children's consumption of contaminated products by anxious parents. Despite these problems, dietary history and parental perceived risk of exposure are the only surrogate measures of melamine exposure available and we are therefore subject to misclassification bias.

Conclusions and policy implications
-----------------------------------

The data from our cohort suggest that large scale and urgent screening programmes may not be informative or cost effective in regions outside of the mainland of China. Evidence to show that urgent massive screening after exposure to low dose melamine will lead to any health benefits is lacking. It is possible that hyperechoic lesions at the renal papillae may be associated with exposure to low dose melamine---that is, levels below 0.63 mg/kg/day, but the clinical significance of these lesions is uncertain at this stage and long term follow-up is mandatory. In view of the lack of evidence to guide the government initially, and the large number of severely affected children on the mainland, a large scale, territory-wide urgent screening programme was probably justifiable. In light of results of our screening programme, it may now be acceptable to arrange renal assessments for select groups on routine clinical service to avoid stressing the already overworked public health system of Hong Kong.

The use of reagent strip testing of urine as the primary means of identifying haematuria may lead to a large number of false positive results,[@ref12] resulting in unnecessary anxiety for children and their parents. We believe, however, that reagent strip testing remains a valuable tool for identifying people for further confirmatory testing by microscopy of urine in screening programmes handling large numbers of patients in a short period. Arranging microscopy as soon as possible after a positive reagent strip result would help minimise anxiety for children and their parents.

We postulate that the difference in prevalence and severity of renal complications between our children and their counterparts on the mainland can be explained by the difference in levels of exposure to melamine. The severe acute complications observed on the mainland seem unlikely to occur elsewhere. Further medium and long term follow-up studies of these children are warranted to assess more comprehensively the public health impact of consuming milk products contaminated with melamine.

### What is already known on this topic

1.  Exposure to high dose melamine was linked to an outbreak of severe renal diseases among children in China

2.  Little is known about the renal outcomes of children after exposure to low dose melamine

### What this study adds

1.  Large numbers of children in Hong Kong were screened for acute renal complications within a short period

2.  No severe adverse renal outcomes were detected

3.  Urgent and large scale renal screening in children with a history of exposure to low dose melamine may not be necessary
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